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Identification for resistance of 117 maize varieties against root rot caused by
phytopathogenic fungus Fusarium graminearum and the effects of root rot
on seedling vigor and yield

Jin Rong” Jia Jiao' Wu Hongbin' Chai Haiyan® Su Yichen' Su Qianfu"

(1. Key Laboratory of Integrated Crop Pest Management in Northeast China, Ministry of Agriculture and Rural Affairs,
Institute of Plant Protection, Jilin Academy of Agricultural Sciences, Changchun 130033, Jilin Province, China;
2. College of Plant Protection, Jilin Agricultural University, Changchun 130022, Jilin Province, China)

Abstract: In order to evaluate the resistance against root rot caused by phytopathogenic fungus Fusari-
um graminearum of main maize cultivars in northeastern China, and explore the relationship between
the incidence of root rot and seedling vigor and yield loss, the resistance of 117 maize cultivars in north-
eastern China against root rot caused by F. graminearum was identified using artificial inoculation meth-
od. The effects of nitrogen, phosphorus, potassium and composite fertilizers on the incidence of root rot
and seedling vigor of inbred line LN810 were analyzed with indoor pot experiments, and maize variety
Xianyu 335 was used to analyze the effects of root rot on seedling vigor and yield of maize in fields.
The results showed that the resistance levels of 117 maize cultivars against root rot caused by F. gra-

minearum were significantly different. There were 14 highly resistant varieties, 44 resistant varieties, 47
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medium-resistant varieties and 12 susceptible varieties, of which 89.74% were resistant or highly resis-

tant, and all of the medium-early maturity materials showed resistance. Compared with no fertilizer con-

trols, the lowest incidence of root rot caused by F. graminearum was 22.03% when applying phospho-

rus and potassium fertilizers. According to the degree of root rot caused by F. graminearum, the popula-

tion of Xianyu 335 seedlings was divided into three types: types 1, 2, and 3. The higher the level, the

weaker the seedlings. The average yields of the types 2 and 3 of seedlings were decreased by 39.97%

and 76.39%, respectively, compared with that of the type 1 seedlings. The results indicated that most of

maize varieties cultivated in northeastern China were resistant to root rot, but there were still some vari-

eties with high risk. The incidence of root rot was negatively correlated with seedling vigor and yield,

and it could be reduced by applying phosphorus and potassium fertilizers.

Key words: maize varieties; Fusarium graminearum root rot; resistance evaluation; seedling vigor;

yield
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Table 1 Resistance of 117 main maize varieties to Fusarium graminearum root rot

FA G R RS Ptk 24 B/ ST oS Ptk 2d
Maize variety Incidence/% Resistance  Maturation period Maize variety Incidence/% Resistance  Maturation period
3] 6.94 [=E T 228 70718 35.38 i g
Jidan 31 HR Medium-maturity MR Middle-late-maturity
F4E 818 9.84 [SEIL RERE 119 32.84 R AE/ L Sl
Liyu 818 HR Medium-maturity Longxi 119 MR Middle-late-maturity
iR 186 8.33 R HAKE 111 32.08 SEETI AL Sl
Dika 186 HR Medium-maturity Jinongnuo 111 MR Middle-late-maturity
G1839 6.14 =Pt ERE 4101 13.54 Yk i 2

HR Medium-maturity Nonghua 101 R Late-maturity
i R 759 9.43 EL P 5599 14.63 Yo W
Runmin 759 HR Medium-maturity Jidan 599 R Late-maturity
681 5.19 [SEI i 12.96 bom o R
Jidan 681 HR Medium-maturity Zhongdan 111 R Late-maturity
68 4.05 A KA ST 19.70 AR o
Jidan 68 HR Medium-maturity Heyu 57 R Medium-maturity
JUH 504 7.63 T r g HERL 1223 12.77 Ein ] r
Fengtian 504 HR Middle-late-maturity | Huadan 1223 R Medium-maturity
w558 5.06 [ A it T 582 15.94 YU ik
Fumin 558 HR Middle-late-maturity | Jidan 582 R Medium-maturity
itk 202 6.25 [ 63 17.65 P i
Jinhua 202 HR Middle-late-maturity | Jidan 63 R Medium-maturity
ALE 816 7.45 [ R w5953 17.54 Pow o P
Liyu 816 HR Middle-late-maturity | Jidan 953 R Medium-maturity
Y5 % 1483 5.41 FPL A AR E 1801 16.67 Yo i
Xianyu 1483 HR Middle-late-maturity | Jinongyu 1801 R Medium-maturity
WiL 54 8.57 [ e 4 2300 16.00 £/ SR A
Tongliao 54 HR Middle-early-maturity| Jinongyu 2300 R Medium-maturity
1598 21.05 THL o B {881 14.14 EAR TSI Rt
Lanyu 598 MR Late-maturity Runmin 881 R Medium-maturity
R E99 20.00 YUl R PERT12 18.18 £/ SR At
Liangyu 99 R Late-maturity Ze’ao 712 R Medium-maturity
1593 28.57 T TEIARS 15.94 ekl i
Jidan 593 MR Late-maturity Demeihe 8 R Medium-maturity
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£i% 1 Continued
B/ ST aES Ptk 2dh B NI VRS Ptk 2dh

Maize variety Incidence/% Resistance = Maturation period Maize variety Incidence/% Resistance  Maturation period
K % 606 23.61 hL R k238 18.18 bow P
Liangyu 606 MR Late-maturity Nonghua 238 R Medium-maturity
K 7 DF41 23.28 RAET 2 TR 618 10.77 o PR
Liangyu DF41 MR Late-maturity Runmin 618 R Medium-maturity
D309 23.16 L R AT 1881 11.48 o P

MR Medium-maturity Jinongyu 1881 R Medium-maturity
D507 32.93 2k Rk 2808 18.45 YU R

MR Medium-maturity R Medium-maturity
WF 809 21.28 ot P KC58 13.98 o i
Bixiang 809 MR Medium-maturity R Medium-maturity
JAH 109 24.26 RAETM o 1999 14.85 bom o P
Fengtian 109 MR Medium-maturity Shengmei 999 R Middle-late-maturity
R 503 23.44 SR ob D805 19.48 £k SR 2
Fengtian 503 MR Medium-maturity R Middle-late-maturity
wR 108 26.56 it b S1651 17.36 £k TSI U
Fumin 108 MR Medium-maturity R Middle-late-maturity
R 88 33.33 SR IMG oF JRUH 405 19.44 £k SN 2
Fumin 88 MR Medium-maturity Fengtian 405 R Middle-late-maturity
985 21.85 R AE7 G o EI S8 13.11 o PR
Fumin 985 MR Medium-maturity Fumin 58 R Middle-late-maturity
KH 165 33.33 hit R 98A 11.38 Pow R
Heyu 165 MR Medium-maturity Fumin 98A R Middle-late-maturity
436 29.41 R AE7 G o 98B 11.25 Pow PR
Jidan 436 MR Medium-maturity Fumin 98B R Middle-late-maturity
i 66 25.53 Tt P 47088 19.64 Yol PR
Jidan 66 MR Medium-maturity Hongxing 7088 R Middle-late-maturity
HE 619 23.08 L RE A A 2799 15.29 b R
Jiyu 619 MR Medium-maturity Hongxing 799 R Middle-late-maturity
BEfk 108 32.69 RAETM HEF706 10.53 Yol PR
Jinong 108 MR Medium-maturity Huadan 706 R Middle-late-maturity
10738 28.57 Rl PR HEHL 88 14.86 o R
Liaoke 38 MR Medium-maturity Huadan 88 R Middle-late-maturity
UE1S 21.43 i R HACET19 19.23 Yo R
Liaoyu 1 MR Medium-maturity Jinongyu 719 R Middle-late-maturity
JHE% 899 24.24 R AE/ G o AR 15.96 Yo IR
Shengmei 899 MR Medium-maturity Jinyuan 15 R Middle-late-maturity
24908 24.11 ST i 24771609 10.64 oW TP
Xinghui 908 MR Medium-maturity Langiao 1609 R Middle-late-maturity
PR S15 22.00 S RE7 N A 803 18.18 Yo IR
Z¢’ erfeng 515 MR Medium-maturity Nonghua 803 R Middle-late-maturity
AL E 858 21.28 T R P31 15.15 T R
Liyu 858 MR Medium-maturity Yidan 31 R Middle-late-maturity
PLHE 801 35.82 S AETI M FBHL958 15.22 Yo PR
Xinghui 801 MR Medium-maturity Zhengdan 958 R Middle-late-maturity
£ F 16019 35.92 R AE7 G o JEE 1728 13.83 Pow R
Lanyu 16019 MR Medium-maturity Xianyu 1728 R Middle-late-maturity
277598 22.34 RAETM o PFE706 17.83 Yol PR
Lanqgiao 598 MR Medium-maturity Yuanke 706 R Middle-late-maturity
3288 31.75 e PR Hi ¥ 909 17.65 Yo IR

MR Middle-late-maturity | Ruipu 909 R Middle-late-maturity
D908 24.59 ot PR £ 528 10.00 (27

MR Middle-late-maturity | Lanyu 528 HR Middle-late-maturity
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£i% 1 Continued
B/ ST aES Ptk | B NI VRS Ptk 2dh

Maize variety Incidence/% Resistance  Maturation period Maize variety Incidence/% Resistance  Maturation period
S2869 36.36 ERET BRI D907 12.73 Yie BRI

MR Middle-late-maturity R Middle-late-maturity
159 24.62 ST T RL82 18.03 bom o PR
Dika 159 MR Middle-late-maturity | Jidan 82 R Middle-late-maturity
JRUH 110 35.62 AT L P LR 13.51 o PR
Fengtian 110 MR Middle-late-maturity | Liaoke 1 R Middle-early-maturity
JXUH 180 39.39 SAE/L TR 1S 45.90 B A
Fengtian 180 MR Middle-late-maturity | Fushengyuan 1 S Late-maturity
w105 32.14 it g KH178 44.83 B R
Fumin 105 MR Middle-late-maturity | Da’ao 178 S Late-maturity
ARH 157 22.33 SRE7 L U U WFE199 43.40 B
Heyu 157 MR Middle-late-maturity | Bixiang 199 S Medium-maturity
K47 38.57 S RE T Sl JRUH 310 41.94 B
Heyu 47 MR Middle-late-maturity | Fengtian 310 S Medium-maturity
K 598 20.00 SR U P TR 7 40.54 LT
Jinongda 598 R Middle-late-maturity | Runmin 7 S Medium-maturity
T4 E 2988 30.19 S RE7 L U 37 55.00 B P
Jinongyu 2988 MR Middle-late-maturity | Jidan 37 S Medium-maturity
HFk 1205 26.14 g G 2 £ 816 47.50 B EREZN
Jinong 1205 MR Middle-late-maturity | Huanong 816 S Medium-maturity
KK 778 22.86 SAE7 L U AR E 1669 41.27 B g
Nongda 778 MR Middle-late-maturity | Jinongyu 1669 S Middle-late-maturity
15010 20.00 o g 759 44.00 B
Puda 010 R Middle-late-maturity | Lei’ao 759 S Middle-late-maturity
FE 211 38.64 S RET S Sl P FAE 969 40.00 it g
Xiangyu 211 MR Middle-late-maturity | Songyu 969 MR Middle-late-maturity
w616 21.43 CEETAL Rl KH551 58.75 B g
Jidan 616 MR Middle-late-maturity | Changdan 551 S Middle-late-maturity
R1852 34.67 i P 105 47.95 B

MR Middle-late-maturity | Yuanke 105 S Middle-late-maturity
JEE 1826 26.92 L PR BR1S 52.38 B P
Xianyu 1826 MR Middle-late-maturity | Jinging 1 S Middle-late-maturity
T 608 40.00 R/ A2
Jihaiyu 608 MR Medium-maturity

HR: Highly resistant; R: resistant; MR: moderately resistant; S: susceptible; HS: highly susceptible.

2.2 BB SFIETRER A S R ERE K MR

X F ORI SR AR S B PR A 5 SR B
Jit PV B8 90 IS 1) K R 0 R AR, R 22.03%, L X iR
B ERER T 26.77 4 H 43 53 (P<0.05) 5 i AR &0
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18.61.19.71.15.07 1 11.38 > [ 43, {H 5 % B I G
3522 5 5 AR FoR & R fe e, b 58.58%,
LU HESE 0T 9.78 AN E 43 i AH 5% IR 28 S oK i 2
(F2), R WIRNEX R AT AR 19 & A T 1o 2
S, WA I AT 5 3 AN R OR R A A AR 5 1 &

Jiti P 2600 AE RN R0 A B 6 K HA T 2R 0 0
89.33% #1190.00% , ¥ i 2 1= T X%t i (P<0.05) , FXF

HEA3 000 4 3.33 A 43 s AT 4.00 > 43 1 it FH AR
TR A 0 AU Rl 0 L ) T A ST 2 e s o0 TR U
AN (P<0.05) , 43 40 7 1.59 . 1.85 A1 1.57 cm; ifij
AN T it AL Ak B 7 i 34 B 3 25 S (3 2) , IR
B HPAE S IE AT LA 0 K % B R AR L
o i H G {2 R
2.3 REBFEEENEKEBERFENZIT

FE BRI, ARHEAR BT A A8 B FHAE A b L
oy FRAEIRK 43— ISR =2 TR A L B
FHEL T — 2800, 28 =2 - 2 R o 9 i)
BB AR T 93.33 g F1194.33 g(P<0.05) , 11 KiE 43
R E AL T 6.28 g F112.68 g(P<0.05) ; 251 I
SRR B — 2R 4 TR T 39.97% Fi
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76.39%, K H MR R B ERIKT
60.66% (P<0.05) ; —JS 1 1 —ZEH IS FFREh 0,
BT =2 S FHR 25.33%(P<0.05) ; 2811
= A fF R R L — 2S 1 4 I 0.84% Al
1.00% {0 =% Z [A1 T B & 25 57 (R 3) , KRR B4k
FELHR S 55 AN AN M T A, T EL 52 ) SR KRR ) T
A T R R RO S R A AT
SRR, P 5 I E ARG

3 Tt

ENTINP S g b SN E I g By LS
FRPUE S E I Z , (EAS TR AP 4
SEARIEHD , TEHAR W IE T HUARAT B AR B i £k
FORHERE TR e AHGE . ABFIEERE T AL HLIX F24E
A 117 A K it Fof 0 AR A8 B FELAR B s O B K F
it e 1 HHT AL Al R 105 4>, B A 124>, K
At PRI | S R R IR o LU, (E AR R
AT 40.009% . IA] WL A B G AR B g K B A
i 5, AR R T 5 AR RE B, )

AR P i G AU o A K At Bl AN[]
SOt R 22 B U AN K (H R AR
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Fig. 1 Analysis of resistance to Fusarium graminearum root

rot of maize varieties with different maturity stages
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Table 2 Growth characteristics and incidence of Fusarium graminearum root rot of maize under different fertilization treatments

b3 iR VRS fief 7 B

Treatment Emergence rate/% Incidence/% Fresh weight/g Plant height/cm
ZNE Nitrogen 84.67+5.03 ab 58.58+8.29 a 1.02+0.03 a 21.41+1.72 be
W Phosphorus 88.00+£5.29 ab 48.2248.50 ab 1.03+0.12 a 22.11£1.33 abce
BRI Potassium 77.33£3.06 b 30.19+3.94 be 0.95+0.14 a 21.61+1.34 be
W B Nitrogen-+phosphorus 90.00+4.00 a 29.09+7.22 be 0.99+0.08 a 22.714+0.87 ab
R IE Nitrogen+potassium 89.33+2.31 a 33.73+9.64 be 0.98+0.04 a 22.97+0.93 a
%0 I Phosphorus+potassium 85.33+£3.06 ab 22.03+8.98 ¢ 1.04+0.06 a 22.69+1.45 ab
AW Nitrogen+phosphorus+potassium ~ 80.67+£6.43 ab 37.4245.91 ab 0.89+0.05 a 21.80+1.09 abe
XA CK 86.00+2.00 b 48.80+3.14 ab 0.97+0.09 a 21.12+£0.92 ¢

TR B YRR E 2 . [RA AR RNG R R N 4 LSD K 50 22 7 i 3 (P<0.05) . Data in the table are mean+SD.

Different letters in the same column indicate significant difference by LSD test (P<0.05).
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Table 3 Effect of the occurrence degree of Fusarium graminearum root rot on maize yield and its components

HiTHAE P AR o AR E . i R P S
L PR e FEE g BHREER O PRPR e
Growth level of  Average spike Water content/ 100-grain Void ratio/% Fresh seed  Average yield/ Yield loss/%
seedling weight/g ? weight/g Y yield/%  (x10° kg/hm?) ’

—251i Gradel  235.00+£33.42a 16.73+0.98a  33.42£2.24a 0.00£0.00b 88.27+0.32a 12.07+1.69 a —
T2KH Grade 1T 141.67+15.04b  15.89+0.50b  26.60£0.53b 0.00£0.00b 87.43+1.27a  7.25+0.64b 39.97+4.34b
— K1 Grade Il 40.67+9.87 ¢ 14.91£0.39 ¢ 20.74+2.58 ¢ 25.33#£8.32a 87.27+095a  2.85+0.36c¢  76.39+2.45a

PR AR IR K 14% P8 . R R PR B ARE 2 o RIS RIS RS 28 LSD I K B 22 S 35 (P<
0.05) . The yield loss rate is calculated as standard water equivalent to 14 percent. Data in the table are mean+SD. Different letters

in the same column indicate significant difference by LSD test (P<0.05).
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BER M YIA NS 5661 AR AER , {2
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SAERYRE ST . BRACAN RESR S A BT A el AR A
Y8 (Y RE 7 (Pettigrew, 2008 ) , 1 FLAT LA4R E5 AR )
Xt U A RSCR T, S BEAR PR A% A b LR 1 5, 4
JIES R4 A (A6 17 7 B, AR ZE T P 0 2 et
(RPREE,2006) . AR K PS5 ANHE AL XS BEAR EL , Jite
FRNEG KRR BRAR ST R & R 50 22 5
NI EL A 5 K 8 5 2R AR, it P e
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FH BB AE Lo PR A O 2 e A A B st e | AR
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%R E A BB RelE— 25T .

MR A B R AR (s, R A iz
Bb AR RR R SRS bk o A, 1 Al (IR 4R 46
2022) ;2 H FEOKBUR & =280, AR B R
Y, e Z i AN T A BE (Okello et al.,2019) . Kl
S5 (1997 ) BIFFE & BB 0103 36 1) R A AR B R T oK 1
TR RO , B R AR S T A TR
(B BOG BT, A T =280, P E e a . A
WF5 2 ALK T RR 2 B 335 A — 2 Fn 28
(1) 28 FFR BRI 0, (H 28 A0 = i L — 2
KT 39.97%; 1 =KW SR LI, &k
25.33%, Hy it tb—JE W AR T 76.39% , B R3¢
R BRI T 60.67%. MLl 0L, R4Sl AIAR
9 2 A 3 o P I A 5 X R AT — RE R T
R ™ B IS s FE R B ey, R R e ROK
HEEREZ —.
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